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Abstract 

The aim of this study was to evaluate the effects of omega-3 and Zn supplements on liver markers SGPT (Serum glutamic pyruvic 

transaminase), SGOT(Serum glutamic oxaloacetic transaminase), ALP(Alkaline phosphatase), GGT(gamma-glutamyl transpeptidase), 

bilirubin and serum albumin and kidney markers (creatinine, uric acid and blood urea) in patients with type 2 diabetes. A randomized, 

double-blind, placebo-controlled, trial in patients with T2DM. Participants received zinc (30 mg/d) and/or omega 3 (1g/d fish oil) for 8 

weeks. There was a significant decrease in SGOT blood levels in all three intervention groups, compared to the beginning of the study 

after 2 months (P=<0.001). Also the effect of Zn supplement was significant on the average SGOT change (P=0.013). The effect of 

omega-3 and Zn supplements on the average change in SGPT was significant (P <0.001). After two months of intervention, serum levels 

of GGT decreased significantly in Zn group and Zn with omega-3 group (P=0.045, P=0.004, respectively). No significant findings were 

found regarding other liver markers (P> 0.05). There was a significant reduction in the uric acid after intervention in zinc group (P 

>0/001). Our data indicated that Zn and omega-3 supplements alone or together can improve liver function in type 2 diabetic patients. 

There was no significant effect on kidney markers with omega-3 supplements.  
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Introduction 
 

Diabetes is a chronic disease in which pancreatic cells lose the ability to produce insulin or the tissues become resistant to insulin 

(Alberti & Zimmet, 1998). According to the World Health Organization (WHO), in 2014, more than 422 million people suffered from 

diabetes, while the incidence of diabetes among people over the age of 18 years rose from 4.7% in 1980 to 8.5% in 2014 (WHO, 2016). 

The level of essential omega-3 fatty acids in various tissues is low in diabetes. So the use of these fatty acids can be effective in reducing 

the effects caused by deficiency such as blood pressure, hyperglycemia and hyperlipidemia (Coste et al., 2003). Zn also plays an 

important role in the function of over 300 enzymes in the body (Coleman, 1992). Zn urinary excretion increases in diabetes (Maret & 

Sandstead, 2006). On the other hand, Zn deficiency can play a role in glucose intolerance, diabetes and insulin resistance (Sun et al., 

2009). Studies have shown that levels of liver enzymes such as alanine aminotransferase (ALT) and GGT increase in diabetic patients 

than healthy people, which is a good predictor of diabetes (Fraser et al., 2009). Omega-3 fatty acids have a positive effect on the 

improvement of hypertension, hyperlipidemia, endothelial dysfunction and cardiovascular disease (Kromhout et al., 2011). Studies have 

also indicated that these fatty acids can improve the steatosis in patients with non-alcoholic fatty liver (Parker et al., 2012). EPA (Eicosa 

Pentaenoic Acid) and DHA (Docosa Hexaenoic Acid) have the ability to control the metabolism of fatty acids in the liver by regulating  

the transcription factors (Ducheix et al., 2013; Kim et al., 2008). A study by Parker et. al. showed that the taking omega-3 fatty acids can 

have beneficial effects on liver markers and improve blood levels of these enzymes in hepatic patients (Parker et al., 2012). In another 

study, no beneficial effects were observed on the consumption of omega-3 fatty acids and the improvement of liver enzymes in diabetic 

patients (Dasarathy et al., 2015). It can be said that the results of the studies are still contradictory. According to the studies, Zn 

deficiency in patients with diabetes can be an effective factor in the development of liver and cirrhosis (Grüngreiff K, Reinhold, 2005). 

Zn is an essential element for the growth, evolution and normal cell differentiation which is involved in DNA synthesis, RNA 
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transcription, and cell division and activation. Zn deficiency is found in many types of liver diseases, including alcoholic liver disease 

and viral liver disease (Mohammad et al., 2012). On the other hand, studies have shown that the taking Zn supplements can have 

beneficial effects on liver function and liver markers (Dashti et al., 1997). One of the most important and most dangerous complications 

of diabetes is diabetic nephropathy (6). Serum urea level increases in people with insulin-independent diabetes (Lehto et al., 1998). An 

increase in blood urea is associated with increased blood pressure, weight gain and decreased insulin sensitivity (Modan et al., 1987). In 

order to prevent the progression of kidney complications in diabetes, blocking the renin-angiotensin- aldosterone system (RAAS), 

regulating blood pressure (BP) and treating hyperglycemia is recommended (Inzucchi et al., 2012). Omega-3 fatty acids can improve 

kidney function by influencing kidney endothelial function, regulating blood pressure and reducing protein excretion from the kidneys 

(Shapiro et al., 2011). In cross-sectional studies in humans, the use of omega-3 fatty acids has been associated with decreased protein 

excretion from urine (Shapiro et al., 2011). A clinical trial aimed at investigating the effect of omega-3 fatty acids on kidney function of 

people with diabetes showed that these fatty acids can improve kidney function of these people and reduce protein excretion from urine 

(Han et al., 2016). In another clinical trial, no positive effect of omega-3 fatty acids on kidney function of people with diabetes was 

observed (Rossing et al., 1996). Oxidative stress can be one of the factors affecting the incidence of diabetic nephropathy. In diabetes, 

increased blood sugar can lead to the dysfunction of blood vessel walls and oxidative stress (. Kakkar et al., 1998). Zn can improve the 

activity of oxidative stress enzymes (Özcelik et al., 2012). Therefore, Zn supplements can improve the kidney function. Zn plays a role in 

the function and division of the kidney cells in the body. According to the studies, Zn deficiency causes kidney dysfunction (Tomat et al., 

2011). In the body, short-chain fatty acids are converted to essential fatty acids by the desaturase enzyme. Zn acts as a cofactor in the 

activity of this enzyme, deficiency of the Zn resulting in a decrease in the level of omega-3 fatty acids in the serum (Maes et al., 1999). 

Given the deficiency of omega-3 fatty acids and Zn in the diabetic population this is the first study that uses these two supplements 

simultaneously to measure the effect of these two nutrients on liver and kidney markers of people with type 2 diabetes.  

Materials and Methods:  

This study aimed to investigate and compare the effects of omega-3 and Zn supplements on liver markers (SGPT, SGOT, ALP, GGT, 

bilirubin and albumin) and kidney markers (creatinine, uric acid and urea blood). Study was designed as a randomized controlled clinical 

trial in patients with type 2 diabetes for 2 months and was conducted in Imam Khomeini Hospital of Urmia (affiliated to the University 

of Medical Sciences, West Azerbaijan, Iran). Eligible volunteers who had been suffering from diabetes for at least two years, were taking 

metformin or glibenclamide, statin and serum lipid lowering drugs, calcium blocker and ACE-I. The volunteers aged between 18 and 65. 

People who were taking insulin, omega-3 or Zn supplements three months before the study, warfarin and heparin, diluted blood 

medicines, with omega-3 and fish allergies, weighing more than 150 Kg, pregnant and lactating were excluded from the study. Eligible 

people were given information about the subject of the study, the goals, details, and importance of the research, and, if willing, the 

individuals completed their written informed consent. They noted that if they did not want to cooperate during the project, they can be 

excluded from the study and any recorded information will be completely confidential. The study was registered at the Iranian Center for 

Clinical Trials Registration with IRCT20180201038585N1.  

Intervention and Randomization:In this study, 100 patients with type 2 diabetes were randomly divided into four intervention and control 

groups: omega-3 (omega-3 fatty acid supplements with fish oil source, each one- gram capsule containing 180 mg of EPA and 120 mg of 

DHA), Zn (Zn supplement, each capsule containing 30 mg Zn gluconate), Zn and omega-3 group and control group. The capsules used 

in the control group were similar to the capsule of the intervention groups in terms of shape and color. Randomization was assigned 

through a random assignment list. The omega-3 and Zn supplements were taken with meals at noon and evening, respectively. 

Supplements were delivered at the beginning of each month in the form of 30 packs. in addition to the weekly phone calls, all individuals 

were asked to contact the Imam Khomeini Hospital on the 30th and 60th day after the intervention and bring with them the blank sheets 

of supplements.  

Study measures:  

A personal information questionnaire was used to collect demographic information. Height (to ±0.1 cm) was measured at baseline with a 

wall-mounted stadiometer and body weight (to ±100 g) was measured with an electronic calibrated scale. (BMI) was calculated by 

dividing the weight (kg) into the square of height (m²). The MET (Metabolic Equivalent of Task) questionnaire was used to measure 

physical activity of the subjects.   

Collection of Dietary Information: All subjects were asked not to change their diet and lifestyle during the intervention. In order to 

evaluate the dietary changes, 24-hour dietary recall was used at the beginning and the end of the study in 3 days of the week. Dietary 

information was evaluated through using N4 software version 3.5.2.  

Blood Collection: Blood samples (5cc) were taken once at the beginning of the study and at the end of the study, while the patients were 

fasting for 10 hours. Serums were isolated after centrifugation at a rate of 3000 r/min for 15 minutes and used for biochemical tests. It 

should be noted that all biochemical tests were carried out at the beginning and at the end of the study by the same subjects under the 

supervision of the laboratory researcher. The uric acid level in the serum was evaluated by enzymatic method using Uricase-POD 
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enzyme. The urea level was determined by enzymatic method using urease enzyme. We used colorimetric approach to evaluate the 

creatinine and albumin. Liver enzymes were measured using the BT3000 auto-analyzer and Pars Company's kits.     

Sample Size and Statistical Analysis:  

A total of 100 type-2 diabetic patients were randomly divided into four intervention and control group. In this study, a single-sample 

Kolmogorov-Smirnov test was used to check the normal distribution of data. In order to identify confounding variables, the literature 

review method was used and the four groups with Chi-square and Kruskal-Wallis single-valued tests were compared. The variables that 

were less than 0.25 were selected as confounding variables. Finally, the confounding variables used in multivariate statistical models 

were as follows: Age, level of education, job, change in dietary energy, dietary fat change, dietary SFA changes, dietary PUFA changes, 

dietary MUFA changes, dietary fiber changes, and insoluble fiber changes. In addition, the ANOVA analysis model was used for 

multivariate modeling along with regulating the effect of variables. In all cases, the variable "the change over time" is considered. The 

mean, standard deviations, median, inter-quartile domain and frequency distribution tables (abundance and percentage) have been used 

in order to describe the quantitative data for frequency data. It should be noted that all stages of statistical analysis were performed using 

SPSS software version 22, under the significance level of 0.05.  

Results:  

Of the 100 patients who participated in the study, 83 patients completed the intervention. In Table 1, some demographic variables are 

compared in four experimental groups. Kruskal-Wallis test showed that there was no significant difference between the four groups in 

terms of age, duration of disease and BMI (P <0.05). In addition, the results of Chi- square test showed that there was no significant 

association between sex, education level, type of occupation of patients and place of residence and type of experimental group.  

Table 2 shows the dietary intake of patients with type 2 diabetes in the four groups under study. The ANOVA analysis showed that there 

was a statistically significant difference between the four groups in terms of receiving SFA, PUFA, MUFA, dietary fiber and insoluble 

fiber (P <0.05).  

Table 3 compares the physical activity level of patients with type 2 diabetes in different groups receiving omega-3 and Zn supplements. 

The ANOVA analysis model (by regulating the effect of base values) showed no significant difference between the four groups in terms 

of the average change in physical activity (P=0.546).  

Table 4 compares the liver markers of patients with type 2 diabetes in different groups receiving omega-3 and Zn supplements. The 

ANOVA analysis model (by regulating the effect of all confounding variables) showed that the mutual effect of omega-3 and Zn 

supplements was significant on the average SGPT change (P <0.001). Also the decrease in SGPT in the omega-3 group (after 

intervention) was associated with a remarkable reduction (P=0.083). The ANOVA analysis model (by regulating the effect of all 

confounding variables) showed that the effect of taking Zn supplement was significant on the average SGOT change (P=0.013). So that 

SGOT values in Zn supplement groups decreased by an average of 11.049 units. On the other hand, SGOT was significantly decreased in 

each of the intervention groups with omega-3, Zn and omega-3 with Zn (P<0.001). The effect of taking Zn supplement was significant 

on the moderate GGT change (P=0.032). After regulating the effect of the confounding variables, the GGT values in the groups receiving 

Zn supplement decreased by an average of 4.267 units. After 2 months of intervention there was a significant decrease in GGT in Zn 

group (P=0.004). Additionally, the decrease in GGT in Zn and omega-3 group was significant (P=0.045). It should be noted that the 

ANOVA analysis test for other liver markers (ALP and bilirubin and albumin) did not detect any significant difference (P>0.05).  

Table 5 compares the Kidney markers of patients with type 2 diabetes in four experimental groups. The ANOVA analysis model (by 

regulating the effect of all confounding variables) showed that the effect of taking Zn supplement on the average uric acid level change 

was not significant, (P=0.064). Having regulated the effects of confounding variables, uric acid levels in Zn supplement groups 

decreased by an average of 0.744, while in other groups an average decrease of 0.211 units was observed. Furthermore, the decrease in 

uric acid in Zn group was significant after the intervention (P<0.001), while it was not significant in the omega- 3 group (P=0.436). After 

two months of intervention, the blood creatinine levels in the omega-3 group and omega-3 group with Zn decreased which was not 

significant, and showed no significant increase in the Zn group. Additionally, blood urea levels showed a no significant decrease after 2 

months in Zn and omega-3 group.  

Discussion:  

This study was a randomized, controlled clinical trial which aimed to evaluate the effects of omega-3 and Zn supplements on liver 

markers (ALT, SGOT, SGPT, GGT, bilirubin and albumin) and Kidney markers (creatinine, uric acid and urea blood) in patients with 

type 2 diabetes. The liver is a complex and large organ whose main role is to design and manage the metabolism of carbohydrate, protein 

and fat. Alanine transaminase (ALT), aspartate transaminase (AST), and alkaline phosphatase (ALP) enzymes are present in the liver in 

normal amounts. An increase in the activity of these enzymes reflects liver dysfunction, resulting in leakage of liver cells into the blood 
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stream (Madani et al., 2009). There is an association between the increase in serum levels of liver markers and type 2 diabetes, although 

this association has been reported in many longitudinal studies. However, the results of these observations were different (André et al., 

2005; Perry et al., 1998). The prospective studies have also shown a significant association between gamma glutamyl transferase (GGT) 

and the progression of certain diseases, including coronary heart disease and stroke. As a result, an increase in the gamma glutamyl 

transferase enzyme levels contributes to the prediction of progression of metabolic syndrome and type 2 diabetes (Nakanishi et al., 

2004). ALP can be found in the cell membrane. As a result, it increases to a lesser extent in liver damages in the serum. However, AST 

and ALT iso-enzymes are present in the cytoplasm. So in the early stages of liver damages, an increase in the level of these enzymes is 

observed (Ajayi & Odutuga, 2004)]. Omega-3 fatty acids can play a key role in controlling the pathways of liver metabolism, given the 

role they play in the pathways of the peroxisome proliferator activated receptors (PPAR) and the inhibition of liver lipogenesis through 

expression of regulatory proteins (Jump, 2008; Xu et al., 1999). In the present study, SGOT blood level (AST) significantly decreased by 

consuming omega-3 fatty acids (P<0.001). The blood level of ALT (SGPT) also decreased by consuming omega-3 fatty acids (P=0.193) 

which was similar to a study by Dasarathy (Dasarathy et al., 2015) . In a study by (Spadaro et al., 2008) , the blood level of ALT 

improved after receiving omega-3 supplement. Studies have shown that the use of omega-3 fatty acids can improve the function and 

level of liver enzymes in liver patients, which may have anti-inflammatory and antioxidant effects due to the role that omega-3 fatty 

acids play in inhibiting triglyceride synthesis (Capanni et al., 2006; Mori & Beilin, 2004; Sarbolouki et al., 2010). Parker et al. also 

showed that the use of omega-3 fatty acids can have beneficial effects on liver markers and improve the blood levels of these enzymes 

(Parker et al., 2012). In summary, our findings are in good agreement with the numerous results of previous studies on the effects of 

omega-3 fatty acids on liver metabolism. Zn is an essential element for the metabolism of protein, carbohydrates and physiological 

functions. Many liver diseases and type 2 diabetes are associated with Zn deficiency in the body. Zn supplement can improve the 

neurological symptoms of liver encephalopathy and cirrhosis (Grüngreiff & Reinhold, 2005). Zn supplement can improve liver function 

because of its role in decreasing endotoxin, decreasing the production of inflammatory cytokine protein, decreasing oxidative stress and 

decreasing the death of hepatocyte cells (Mohammad et al., 2012). Zn can also prevent lipid peroxidation in the liver and thereby 

improve liver function with its effect on antioxidant potency (Sullivan et al., 1980). In this study, the SGOT blood level decreased 

significantly after Zn consumption (P<0.001). Additionally, the SGPT blood level also decreased after Zn consumption (P=0.065). The 

highest decrease in SGPT was observed in the Zn supplement group (4.528 units), which is consistent with several studies, shows 

improvement in liver function after Zn consumption. However, in a study by Parham, no significant changes were observed in levels of 

liver enzymes after Zn supplement (Parham, 2008). One of the side effects of diabetes is long-term chronic Kidney disease (Burrows et 

al., 2008). Several factors contribute to the progression of diabetic and non-diabetic glomerulopathy, such as systemic and glomerular 

hypertension, albuminuria, dietary intake, and hyperlipidemia, In this study, the amount of creatinine, urea and uric acid were evaluated 

in order to investigate the Kidney function. According to Miller, omega-3 fatty acid supplements was able to improve the renal function 

in patients with diabetes by decreasing the protein excretion (Miller et al., 2013). In another meta-analysis, omega-3 fatty acid 

supplements were able to improve the renal function by decreasing the urinary protein excretion (Miller et al., 2009). Omega-3 fatty 

acids, which have an effect on vascular function and hemodynamic kidney function, can play a role in improving the liver function 

(Stirban et al., 2010; Shapiro et al., 2011). By examining the effects of omega-3 supplements on blood pressure, the previous meta- 

analyses showed that the addition or a relatively high dose of omega-3 fatty acids caused a significant decrease in blood pressure. Low 

blood pressure may decrease renal perfusion and lower the GFR, decrease the excretion of protein and improve the hemodynamic effects 

of the kidney (Clark et al., 1993). The results of this study are based on kidney function, independent of protein excretion, glomerular 

filtration or GFR. Omega-3 fatty acids which affect the production of prostaglandins and boost immune system and vasodilation, can 

reduce the progression of kidney disease in patients with diabetes. These fatty acids affect the erythrocyte membrane and decrease the 

renal ischemia(Stirban et al., 2010; Di et al., 2004; Massaro et al., 2008). In another study, omega-3 fatty acids did not have an effect on 

the improvement of kidney function or the progression of kidney disease in patients with diabetes (Rossing et al., 1996). Possible reasons 

for this inconsistency are attributed to the difference in the pathology of kidney disease or the prevalence of risk factors for disease 

progression, the difference in outcome evaluation, sample size, and the limitation of the quality of the study. The oxidative stress plays 

many roles in the pathogenesis of nephropathy in diabetes. Oxidative stress can be caused by increased production of reactive oxygen 

species (ROS) or antioxidant deficiency, Accordingly, Zn can be one of the effective factors in strengthening the antioxidant system 

(Kelly, 1998). Given these considerations, it seems logical that antioxidants, such as Zn, may be used to treat or prevent diabetic 

nephropathy. In a study, Zn decreased the protein excretion from urine (Kadhim et al., 2006). Another risk factor for nephropathy is 

hyperlipidemia which has been shown to have beneficial effects on blood lipid levels (El-Ashmony et al., 2012). In the present study, the 

level of uric acid was significantly decreased with Zn after intervention. This indicates improvement in renal function with regard to uric 

acid index in these patients, which is similar to the study conducted by ( El-Ashmony et al., 2012). According to Parham (Parham, 2008) 

, the amount of protein released from the renal also decreased after taking Zn. Khadim (Kadhim et al., 2006) found that serum creatinine 

did not significantly change after taking the supplement. His study did not show a significant effect on serum urea and creatinine. This 

could be attributed to the normal Zn blood levels in this study, unlike other studies. Creatinine levels decreased in omega-3 and Zn 

groups after intervention which could be attributed to the role of omega-3 in decreasing creatinine levels in the blood. In this study, there 

was no significant effect on kidney markers after omega-3 consumption.   
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Conclusion:  

Since the use of omega-3 and Zn in Iran is low and these nutrients are lower in patients with diabetes than in the general population, it 

seems that taking these dietary supplements can improve their lives. In sum, the omega-3 and Zn supplements, alone or simultaneously, 

can improve the relative performance of the liver and kidneys in patients with diabetes. On the other hand, the need to do further studies 

with other doses of these supplements in this regard is necessary.   
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Table 1. Comparison of the demographic and background variables of the patients with diabetes type 2 in the groups receiving 

zinc and omega 3 supplementation 

Variable Category 
Experimental group P-value * 

Omega-3 Zinc Omega-3 and zinc Control  

Age (year) - 
58.0 

**(13.0) 
(8.0) 57.0 (7.0) 53.0 (8.0) 54.5 0.089 

Years of affliction 

with the disease 
- (5.0) 5.0 (2.0) 4.0 (3.0) 4.0 (2.0) 4.5 0.553 

BMI - (34.34) 4.56 (31.57) 3.88 (30.25) 4.34 
(31.89) 

4.27 
0.319 

Gender 
Female **(52.2%) 12 (57.1%) 12 (57.1%) 12 (61.1%) 11 

0.953 
Male (47.8%) 11 (42.9%) 9 (42.9%) 9 (38.9%) 7 

Educational level 

Illiterate (8.7%) 2 (23.8%) 5 (33.3%) 7 (50.0%) 9 

0.126 

Elementary or 

junior school 
(39.1%) 9 (38.1%) 8 (23.8%) 5 (16.7%) 3 

High school and 

above 
(52.2%) 12 (38.1%) 8 (42.9%) 9 (33.3%) 6 

Job 

Housekeeper (52.2%) 12 (57.1%) 12 (57.1%) 12 (50.0%) 9 

0.147 Retired (39.1%) 9 (9.5%) 2 (28.6%) 6 (16.7%) 3 

Other jobs (8.7%) 2 (33.3%) 7 (14.3%) 3 (33.3%) 6 

Place of living 
City (95.7%) 22 (100.0%) 21 (95.2%) 20 (94.4%) 17 

0.778 
Village (4.3%) 1 (0.0%) 0 (4.8%) 1 (5.6%) 1 

*Kruskal–Wallis test was used to compare quantitative variables in the groups and chi-square test was used to compare 

qualitative variables. 

**Median (interquartile range) was used to describe quantitative variables and frequency (percentage) was used to describe 

qualitative variables. 

Table 2. Comparison of the received amount of nutrition by the patients with diabetes type 2 in the groups receiving zinc and 

omega 3 supplementation 
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*The ANCOVA analysis model with modification of the effects of the basic values was used for comparing the four groups. 

Table 3. Comparison of the rate of physical activity in the patients with diabetes type 2 in the groups receiving omega3 and zinc 

supplementation(MET.h/day) 

Omega-3 

(n=23) 

Zinc 

(n=21) 

Omega-3 and Zinc 

(n=21) 

Control 

(n=18) 
P-

value** 
before after Change Before After change before after change before after change 

Mean 
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* shows the comparison the before and after values in each group. 

** shows the comparison between the four groups in terms of the average value change. 
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Table 4. Comparison of the liver markers of the patients with type 2 diabetes in groups receiving omega-3 and Zn supplement 
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* shows the significance of the before and after comparison of the dependent variables in each experimental group using Wilcoxon test. 

**shows the significance of the major effect of omega-3 supplementation on the average change of responses (it compares the groups 

receiving omega-3 supplementation with other groups). 

+ shows the significance of the major effect of zinc supplementation on the average change of responses (it compares the groups 

receiving zinc supplementation with other groups). 

++ shows the significance of the mutual effect of omega-3 and zinc supplementation on the average change of responses. 

Table 5. Comparison of the Kidney markers of the patients with type 2 diabetes in groups receiving omega-3 and Zn supplement 
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* shows the significance of the before and after comparison of the dependent variables in each experimental group using Wilcoxon 

test. 

**shows the significance of the major effect of omega-3 supplementation on the average change of responses (it compares the groups 

receiving omega-3 supplementation with other groups). 

+ shows the significance of the major effect of zinc supplementation on the average change of responses (it compares the groups 

receiving zinc supplementation with other groups). 

++ shows the significance of the mutual effect of omega-3 and zinc supplementation on the average change of responses.  

 

 

 


